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METHOD AND APPARATUS FOR 
SYNCHRONOUSLY DISTRIBUTION DIGITAL 

SIGNALS IN HIGH SPEED SYSTEMS 

FIELD OF THE INVENTION 

The present invention relates generally to the ?eld of 
distributed digital systems (DDS‘s). More particularly, 
the present invention relates to a method and apparatus 
for distributing clock and/or enable signals and the like 
to the digital modules ofa high speed DDS in a manner 
that ensures module synchrony. 

BACKGROUND OF THE INVENTION 

Distributed digital systems, or DDS‘s, are generally 
known. DDS‘s are employed in digital systems such as 
digital Oscilloscopes, logic analyzers, and digital tele 
communications systems to name but a few. A DDS 
usually comprises a network of digital modules inter 
connected by signal transmission lines such as cabling, 
printed circuit traces, etc. The modules are generally 
devices such as microcomputers. voltmeters, D/A and 
/or A/D converters, multichannel data acquisition 
units. digital word generators, processing circuitry etc., 
as well as submodules within such devices. 

It is frequently imperative that the modules of the 
DDS be synchronized so that they are triggered simul 
taneously by some event originating either on one ofthe 
modules or externally of one or more of the modules, 
e.g., by pulses from a master clock. For simplicity, the 
example of a master clock will be employed in connec 
tion with the following description, but it is to be under 
stood that this is for explanatory purposes only and that 
the invention described herein is not limited thereto. 
The invention has application to any DDS where the 
modules are intended to be simultaneously responsive to 
an external event, including, by way of example, enable 
and/or inhibit signals, sample signals, set and/or reset 
signals and the like, and the example ofthe master clock 
is applicable to thereto. Thus. as used herein. reference 
to master clock pulses is intended to encompass such 
signals. 

Typically, master clock pulses are generated some 
where in (or even externally of) the DDS and transmit 
ted over a transmission line to the various modules. In 
state of the art DDS‘s, master clock pulses in the giga 
hertz range are common. This has given rise to prob 
lems not present, or less signi?cant, in DDS‘s operating 
at lower frequencies. For example, transmission of such 
high frequency master clock pulses requires specially 
designed high frequency transmission lines that add to 
the complexity and expense of the DDS. Additionally, 
the terminal impedance of the transmission line is not 
precisely controllable and often causes an impedance 
mismatch at high frequencies. Moreover, discontinuities 
may appear on the transmission line at high frequencies. 
Impedance mismatches and discontinuities can cause 
re?ections of incident master clock pulses to appear on 
the transmission line. As the master clock frequency 
increases, and as the module spacing increases, the re 
?ections may increasingly interfere with and/or distort 
the incident master clock pulses. Since the magnitude of 
it reflected signal at any point along a transmission line 
is a function of the location and severity of the impe 
dance mismatch/discontinuity which caused it, the re 
sultant clock pulses received by a particular module 
may be changed enough to cause that module to be less 
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2 
accurately synchronized with the other modules of the 
DDS. _ 

It is therefore desirable to provide a method and 
apparatus in which the modules of a DDS remain syn 
chronized at high frequency operation even in the pres 
ence of impedance mismatches and/0r discontinuities 
on the transmission line carrying the master clock 
pulses (or signals indicative of some event) to which the _ 
modules are to be synchronized. It is also desirable that 
such method and apparatus be simple in design and easy 
and economical to implement. The present invention 
achieves these goals. 

SUMMARY OF THE INVENTION 

In a DDS having a plurality of digital modules each 
being responsive to a desired frequency f of events, such 
as master clock pulses and the like, and a transmission 
line for carrying the events to the modules, an apparatus 
comprises means for providing the occurrence of the 
events at a frequency fC/N which is less than the desired 
frequency, and means associated with each module for 
multiplying events received on the transmission line by 
N and thereby providing the events to the modules at 
the desired frequency. The distribution of the events at 
the frequency fr/N on the transmission line, rather than 
at the higher frequency fc, effectively minimizes re?ec 
tion of incident events due to impedance mismatches 
and discontinuities on the transmission line so that syn 
chrony of the modules to the events is less effected by 
re?ections even when the desired frequency is very 
high. e.g., in the gigahertz range. 
According to the invention, the frequency fc/N is 

selected so that any part of the event re?ected from the 
termination impedance ZL of the transmission line (or 
any other discontinuity on the line) will not substan 
tially distort leading edges of incident events, i.e., lead 
ing edges of clock pulses. 
A method according to the invention comprises the 

steps of first de?ning a desired frequency of events fc to 
which the various modules of the DDS are to be re 
sponsive, then distributing events on the transmission 
line at a frequency fc/N, receiving the distributed events 
at the modules, and multiplying the received events by 
N at each module. The frequency of events thus pro 
vided to each module is the desired frequency, even 
though the events are distributed on the transmission 
line at a much lower frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed block diagram of a DDS em 
ploying apparatus for synchronously distributing mas 
ter clock pulses to a plurality of modules over a trans 
mission line in accordance with the present invention. 
FIG. 2 illustrates an exemplary conventional trans 

mission line for distributing the master clock pulses to 
the plurality of modules of FIG. 1 and is provided for 
the purpose of demonstrating the underlying principles 
of the present invention. 
FIG. 3 illustrates waveforms of incident and re?ected 

pulses that may be experienced in prior art DDS‘s. 
FIGS. 4A-4C are graphs illustrating performance 

characteristics of the transmission line of FIG. 2 for 
master clock pulses distributed thereover at a frequency 
of 1.0 GHz. 
FIGS. SA-SC are graphs illustrating performance 

characteristics of the transmission line of FIG. 2 for 
master clock pulses distributed thereover in accordance 
with the principles of the present invention. 
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FIG. 6 is a block diagram ofapparatus for implement 
ing the "x N“ blocks of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to the drawings. wherein like numer 
als represent like elements, there is illustrated in FIG. 1 
an apparatus according to the present invention for 
synchronously distributing master clock pulses to the 
various modules ofa DDS. In the DDS of FIG. 1 (as in 
the prior art), the master clock pulses originate from a 
master clock 10 and are distributed to modules 16a, 16b, 
16c, etc., but it should be understood that the invention 
is applicable to DDS's irrespective of where the pulses 
originate. 
As shown in FIG. 2, the transmission line 12 that 

distributes the master clock pulses from master clock 10 
is terminated with a load 14. In conventional state of the 
art DDS’s, it is common for each module 16 to be some 
sort of high speed module that is responsive to exter 
nally generated high frequency clock pulses, i.e., in the 
gigahertz range. In the prior art. the master clock pulses 
are generally distributed to the modules 16 on the trans 
mission line 12 at the frequency which each ofthe mod 
ules 16 is to be responsive. As described below, a prob 
lem arises in distributing the master clock pulses at high 
(gigahenz) frequencies that may severly affect system 
performance and result in imprecise synchrony among 
the various modules. 

It is difficult, if not impossible, to precisely balance 
the transmission line 12 with a terminal impedance 14, 
and even for a transmission line that is balanced for a 
particular frequency, impedance mismatches will occur 
as clock frequency varies. Moreover, impedance mis 
matches occur as a result of other discontinuities in the 
transmission line 12. For example, assuming a transmis 
sion line 12 with a characteristic impedance, Z0, of 50 
ohms. the termination 14 will be a parallel combination 
ofa 50 ohm resistance and a capacitance of about 3 pF. 
It will be apparent to those skilled in the art that the 
value ofthe terminating impedance 14 will be a function 
of the pulse repetition frequency of master clock 10. 
Therefore, typically a master clock signal injected onto 
transmission line 12 by master clock 10 will result in an 
incident master clock signal at termination 14, and a 
re?ected signal from termination 14. (This, of course, 
will also be true at any other discontinuity on transmis 
sion line 12.) The magnitude of these re?ections will 
generally increase as frequency increases. Overlapping 
re?ected and incident pulses may tend to reinforce or 
cancel each other, with resultant pulses having varying 
magnitude and shape, depending on the location, pres 
ence or absence of discontinuity. The waveforms of 
FIG. 3 illustrate this problem. The varying magnitude 
and shape may result in false triggering of one or more 
modules 16, or more likely, may result in failure of one 
or more modules 16 to respond at the correct time to the 
occurrence of a pulse. Thus, synchrony may be lost. 
As explained in more detail below, minimizing the 

effects of re?ections from impedance mismatches and 
discontinuities on the transmission line 12 is the princi 
ple underlying the present invention. 
According to the invention, the frequency of the 

master clock pulses originating from the master clock 
10 and distributed over the transmission line 12 to the 
modules 16 is substantially lower than the clock fre 
quency normally required, or expected, by each of the 
modules 16, i.e., substantially lower than the frequency 
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4 
to which each module 16 is to be responsive (hereinafter 
“the desired clock frequency"). That is, master clock 10 
distributes master clock pulses having a frequency of 
fc/N. where f( is the desired clock frequency. Prefera 
bly. the frequency ofthe distributed master clock pulses 
is lower than the desired clock frequency by a factor N, 
where N is an integer ranging from about 10 to 50, 
although other values ofN are not precluded. For appli 
cations where the desired clock frequency is the giga 
hertz range however, N=10 has been found to repre 
sent a practical lower limit. As will be appreciated by 
those skilled in the art, distributing a lower master clock 
frequency will reduce the effects of impedance mis 
matches and discontinuities, and thus minimize re?ec~ 
tions on the transmission line 12. 

In accordance with the invention, each of the mod 
ules 16 has associated therewith a “x N" frequency 
multiplier 18 for receiving the distributed master clock 
pulses (having frequency fr/N) and providing the de‘ 
sired clock frequency (fc) to the associated module. Of 
course, the "x N" frequency multipliers 18 may be pro 
vided internally and/or integrally, of each module 16 if 
desired. Externally provided “x N“ frequency multipli 
ers 18 are particularly suitable for retrofit applications. 

Preferably, each of the frequency multipliers 18 are 
conventional phase-locked loop circuits configured for 
frequency multiplication in well known fashion. FIG. 6 
illustrates a typical phase locked loop configured for 
frequency multiplication. Any commercially available 
phase locked loop, e.g., an off the shelf integrated cir 
cuit, may be employed to implement the “x N" fre 
quency multipliers 18 of FIGS. 1 and 6. ' 

It will be appreciated from the foregoing that the 
frequency of the distributed master clock pulses fr/N 
will be increased by N by frequency multipliers 18 
wherever the desired clock frequency fcis required. The 
desired clock frequency is provided to the respective 
digital modules 16 so that each module 16 operates 
synchronously with all other modules 16 as a result of 
the frequency multipliers 18 locking onto a prede?ned 
edge ofthe distributed low frequency (fr) master clock 
signal. 

It will be understood that the short term frequency 
and phase accuracy of each frequency multiplier 18 
must allow the requirements for system time accuracy 
to be met. The frequency fc/N of the distributed master 
clock pulses must be high enough to provide frequent 
synchronization opportunities to the various modules 
16 and low enough to allow re?ections resulting from 
impedance mismatches and discontinuities on the trans 
mission line 12 to dissipate during the interval between 
sequential clock pulses. The optimum value of fc/N will 
depend upon the timing requirements of the system. 
The result of practicing this invention is that any distor 
tion of the distributed master clock pulses caused by 
interference from re?ected signals will be minimized, 
thereby ensuring that frequency multipliers 18 will be 
triggered only at the correct times. In one example ofan 
implementation of the invention, the frequency fc/N of 
the distributed master clock pulses is approximately I00 
MHZ and the desired clock frequency f,, is 1 GHz, i.e., 
N: 10. 
Other advantages ?ow from practice of the inven 

tion. For example, since the master clock 10 operates at 
a frequency ft/N that is l0~50 times lower than nor 
mally required, its design and construction may be sim 
pler and less expensive than would otherwise be re 
quired. Moreover, as a result of distributing lower fre~ 
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quency clock pulses on the transmission line 12, the 
design and construction of the transmission line may be 
simpler. 

Full appreciation of the invention can be had by ref 
erence to the computer generated simulations of FIGS. 
4 and 5. These simulations are for the exemplary trans 
mission line 12 illustrated in FIG. 2. The exemplary 
circuit of FIG. 2 comprises a clock or pulse generator 
10' having an internal resistance R5, of 50 ohms; two 
sections of transmission line 12' each of which has a 
characteristic impedance Z‘, of 50 ohms and a length T4 
of 0.25 ns; and termination resistance Rrof 50 ohms. In 
the simulations, the voltage at node 20 was calculated 
for four different cases, i.e., master clock pulses occur 
ring at I nanosecond intervals (a 1.0 GHz clock rate) 
and I0 nanosecond intervals (a 100 MHz clock rate), 
each with and without a single 3 pF capacitance discon 
tinuity CT, in parallel with termination resistance RT. 
Node 20 was chosen as an example of a point at which 
one part of a DDS might be clocked. 

FIG. 4A is a graph of the computed voltage wave 
form for the 1 GHz distributed master clock with no 
discontinuity. FIG. 4B is the voltage waveform for the 
same I GI-Iz clock with the 3 pF discontinuity CTin 
parallel with RT. FIG. 4C shows the two waveforms of 
FIGS. 4A and 4B on an expanded time scale. FIGS. 
SA-SC show the results of the same same simulations as 
FIGS. 4A—4C, respectively, but for a 100 MHz distrib 
uted master clock instead of a 1 GHz clock. 
A comparison of FIGS. 4C and 5C illustrates that the 

clock time to (rising edge zero-crossing) for the system 
with the 1 GHz clock (FIG. 4C) is changed by the 
presence ofthe discontinuity, while the clock time tC for 
the I00 MHz system (FIG. 5C) is not. Although the 
exemplary circuit chosen for illustration is rather sim 
ple, the advantages of distributing and synchronizing to 
a lower frequency master clock will similarly manifest 
themselves in more complex circuits. 

It should be emphasized that distributing the lower 
frequency clock fc/N in place of the higher frequency 
clock f0 is easier and more efficient, and allows the use 
of components having lower frequency response capa 
bilities. Also, as previously mentioned, activity other 
than clocking may also be facilitated in accordance with 
the invention. For example. individual modules of the 
DDS could be simultaneously enabled. If an enable 
signal is distributed to each module and acted upon at 
the next (local) clock transition, then, for a I GI-Iz 
clock. the enable signal must change state unambigu 
ously within a l nanosecond interval. For a 100 MHz 
clock the available interval is 10 nanoseconds. 

It will be appreciated that the present invention may 
be employed in a great number of applications, includ 
ing, but certainly not limited to, use in digital oscillo 
scopes and logic analyzers (both state analysis machines 
employing an external clock and time analysis machines 
employing an internal clock), as well as telecommunica 
tions circuits. 
The present invention may be embodied in many 

specific forms without departing from the spirit or es 
sential attributes thereof. Accordingly, reference should 
be made to the appended claims, rather than to the 
foregoing specification, as indicating the scope of the 
invention. 
What is claimed is: 
1. In a distributed digital system having a plurality of 

digital modules each being responsive to a desired fre 
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6 
quency ft of events, and a transmission line for carrying 
the events to the modules, an apparatus comprising: 

?rst means for providing the occurrence ofthe events 
at a frequency fc/N which is less than the desired 
frequency fC, where N is a number greater than 1, 
the occurrence of events at frequency fC/N being 
provided directly on the 

second means associated with each module for multi 
plying the frequency of events received on the 
transmission line by N and providing the events to 
the modules at the desired frequency ft; 

wherein fr/N is high enough to provide frequent 
synchronization opportunities to the modules and 
low enough to effectively minimize re?ections of 
incident events due to impedance mismatches and 
discontinuities on the transmission line. 

2. Apparatus according to claim 1 wherein the events 
are clock pulses. 

3. Apparatus according to claim 2 wherein the ?rst 
means is a master clock circuit. 

4. Apparatus according to claim 1 wherein the de 
sired frequency of events ft is greater than or equal to 1 
gigahertz. 

5. Apparatus according to claim 1 wherein N is an 
integer having a value of between 10 and 50. 

67 Apparatus according to claim 1 wherein the de 
sired frequency of events fcis greater than or equal to l 
gigahertz and N is an integer having a value of between 
10 and 50. 

7. Apparatus according to claim 1 wherein the second 
means is a phase locked loop configured for frequency 
multiplication. 

8. A synchronized distributed digital system (DDS) 
comprising: 

(a) a plurality of digital modules each responsive to a 
desired frequency f,- greater than or equal to I gi 
gahertz; 

(b) a master clock for providing clock pulses to the 
digital modules, the master clock pulses having a 
frequency of fc/N, where N is an integer having a 
value of between 10 and 50; 

(c) a transmission line for distributing the master 
clock pulses to the digital modules; and, 

(d) an N times frequency multiplier associated with 
each digital module for receiving the distributed 
master clock pulses, multiplying the frequency of 
the received pulses by N and providing the desired 
frequency ft to each module; 

wherein fc/N is high enough to provide frequent 
synchronization opportunities to the modules and 
low enough to effectively minimize re?ections of 
incident events due to impedance mismatches and 
discontinuities on the transmission line; 

whereby the synchrony of the modules to the events 
is less affected by the effect of the re?ections. 

9. A synchronized DDS according to claim 8 
wherein the frequency multipliers are phase-locked 
loops. 

l0. Synchronization method comprising the steps of: 
(a) defining a desired frequency of events fc to which 
modules of a distributed digital system (DDS) are 
to be responsive; 

(b) distributing events directly on a transmission line 
of the DDS at a frequency fc/N, where N is a 
number greater than 1; 

(c) receiving the distributed events at the modules, 
and multiplying the frequency of the received 
events of frequency fc/N by N at each module, the 
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frequency of events provided to each module 
thereby being the desired frequency fr; 

wherein fr/N is high enough to provide frequent 
synchronization opportunities to the modules and 
low enough to effectively minimize re?ections of 
incident events due to impedance mismatches and 
discontinuities on the transmission line; 

whereby synchrony of the modules to the events is 
less affected by the effect of the re?ections. 

11. Method according to claim 10 wherein the events 
are clock pulses. 

12. Method according to claim 10 wherein the de 
sired frequency of events fcis greater than or equal to l 
gigahertz. 

13. Method according to claim 10 wherein N is an 
integer having a value of between 10 and 5O. 

14. Method according to claim 10 wherein the de 
sired frequency of events ftis greater than or equal to l 
gigahertz and N is an integer having a value of between 
10 and 50. 

15. Method of synchronizing a plurality of digital 
devices to a desired frequency ff, the devices being 
linked together by a transmission line. each device being 
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8 
located at different points along the transmission line, 
comprising the steps of: 

(a) providing master clock pulses having a frequency 
of fr/N pulses per second directly on the transmis 
sion line. fc/N being high enough to provide fre 
quent synchronization opportunities to the digital 
devices and low enough to effectively minimize 
re?ections of master clock pulses due to impedance 
mismatches and discontinuities on the transmission 
line; 

(b) detecting the occurrence of master clock pulses of 
frequency fc/N at said points along the transmis 
sion line; 

(c) multiplying the frequency of detected master 
clock pulses of frequency fr/N by N, where N is a 
number greater than 1, thereby providing at said 
points along the transmission line a clock signal 
having a frequency of ft; and, 

(d) providing the clock signals produced in step (c) to 
the respective digital devices; 

wherein the respective digital devices are responsive 
to a leading edge of the clock signal. 
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